Introduction
Chemotherapy-induced peripheral neuropathy(CIPN) is a significant side effect and may cause patients to discontinue chemotherapy, even those who have a good response. Although combination therapy of fluorouracil(5-FU) and folinic acid (LV) with oxaliplatin(FOLFOX) has been established as a standard first-line therapy for advanced colorectal cancer, one of the limiting toxicities is sensory neuropathy due to oxaliplatin 1) . The development of CIPN is a potential treatment-limiting consideration 2) , because adequate supportive therapy for CIPN is not yet available. The Stop-and-Go strategy, in which the therapy is stopped before severe neurotoxicity develops after six cycles followed by another regimen without oxaliplatin and later reintroduction of the former regimen, reduces the risk of grade 3 to 4 toxicity 3) . However, grading of the toxicity can be difficult to judge, considering the limitation of oneʼs activities of daily living depends on individual ambiguous complaints without obvious quantitative signs and symptoms, especially in the early stage of severity. Thus, we focused on evaluation of the severity of CIPN in the early stage to predict future severity and prepare for decisions to change the regimen.
Simozuma et al. reported a tendency to underreport and underestimate the severity of peripheral neuropathy in grading with the National Cancer Institute Common Toxicity Criteria (NCI-CTC) 4) . Even if various patient-based grading scores of the subscale for CIPN are also available 5−7) , the grading score for clinical responsiveness may still be difficult to determine. As for rigorous diagnosis, invasive electrophysiological nerve conduction studies(NCS)are time-consuming. Non-invasive measurement of the current perception threshold (CPT) in peripheral regions is more feasible and useful for the detection, screening and management of diseases of peripheral neuropathy 8) . Unlike NCS, selective quantitative evaluation of specific nerve types is possible by stimulating CPT at different frequencies to differentiate mono-neuropathies from poly-neuropathies 9) . A trade-off is made between sensitivity and specificity on CPT values. Thus, available biomarkers are required for compensate for these problems. Our aim was to measure whether circulating levels of some available biomarkers in peripheral blood, when accompanied by any changes in CPT values, correspond to the initial clinical responsiveness of CIPN in the early stage.
Nerve growth factor (NGF) and brain-derived neurotropic factor(BDNF), as members of the neuro-protective neurotrophin family, may contribute to the pathobiology of neuropathic pain 10) . In sensory neurons, BDNF and substance P (SP), as neurotransmitters involved in pain sensitivity 11) , depend on the availability of NGF 10, 12) . Meanwhile, the normal neuronal suppressive effects would shift to an opposite effect of hyperexcitability in allodynia, making CIPN complicated. BDNF and interferon (IFN)-g-related allodynia in conditions of sustained neuropathy have been considered 13) . Simultaneous evaluation of these measureable peptides in peripheral blood as possible candidate biomarkers, with monitoring of CPT values and grading scores of clinical responsiveness, thus provide beneficial information about CIPN in the early stage.
Case Presentation
A 64-year-old woman who was suffering from upper colon cancer and multiple hepatic metastases(stage Ⅳ) was enrolled in this study. The patient was treated every 2 weeks with two cycles of chemotherapy consisting of FOLFOX＋B(oxaliplatin ／ ／ 85 mg／m 2 , LV 200 mg／m 2 , and bevacizumab 130 mg 2-h ／ ／ infusion, 5-FU 400 mg／m 2 bolus infusion plus 2,400 mg／m 2 46-h continuous infusion). The patient was discharged 1 week after the second cycle of chemotherapy and moved to a local hospital, leading to termination from this study. Doses in the first and second cycles were 100％ and 90％ of standard doses, respectively. Clinical examination data were monitored during the course until 1 week after second cycle (Table) . The patient was almost afebrile, and undernutrition was ruled out based on albumin and total protein levels. 
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After a four-week observation period, the patient underwent CPT examinations and evaluations of clinical responsiveness before the first cycle of chemotherapy as baseline and 1 week after the first and second cycles. Blood samples were collected to measure possible biomarkers, at the same times as CPT determinations and the day after the first cycle of chemotherapy.
Assessment of CIPN
Methods for grading clinical responsiveness to CIPN, obtained just before CPT determinations, were as follows : physician-based scale for grading classification according to NCI-CTC version 4 for sensory and motor peripheral neuropathy ; numerical rating scale NRS) of determination for pain 5) and patient neurotoxicity questionnaire PNQ) in Japanese for various signs and symptoms 6) ; and the subscale of neurotoxicity ／ from functional assessment of cancer therapy／gynecologic oncology group-neurotoxicity Ntx) as a patient self-reporting scale for sensory and motor neuropathy 7) . To compare evaluations, we converted scores to an 11-point scale from 0 to 10, with the exception of NCI-CTC. CPT examination were performed as follows : a Neurometer NS3000 Neurotron, Baltimore, MD, USA) was used to determine the CPT values minimum current perceived in the right index finger, evoked by stimulation with a sine-wave current 9) . CPT range analysis was performed to compare raw CPT measurements to the normative ranges. Temperature in the examination room was stable, at approximately 25℃.
Measurements of peptide biomarkers
Methods for measuring concentrations of peptides were as follows : plasma samples from the patient were collected and stored at −80℃. Plasma levels of BDNF, NGF, SP and IFN-g were measured with commercially available enzyme-linked immunosorbent assay ELISA) kit for BDNF Aviscera Bioscience, Santa Clara, CA, USA), human NGF ELISA kit Boster Biological Technology, Pleasanton, CA, USA), SP ELISA kit Enzo Life Sciences, Lause, Switzerland) and IFN-g ELISA Quantikaine Kit R&D Systems, Minneapolis, MN, USA), respectively. Measureable ranges were labeled to be 20-1,500 ／ ／ ／ pg／mL, 15-1,000 pg／mL, 10-10,000 pg／mL and 5-1,000 ／ pg／mL for BDNF, NGF, SP and IFN-g, respectively. Intra-and inter-assay precisions for each substrate were less than 8％.
Ethical consideration
This study was conducted in accordance with the Declaration of Helsinki, following approval by the institutional review boards 
Results and Discussion
Grading scores for clinical responsiveness are shown in Figure 1 .
No obvious changes in physician-based scores of the NCI-CTC for sensory, patient-based PNQ and NRS were observed during the entire observation period. As for Ntx subscales, the patient complained of some numbness, tingling and discomfort in the hands. Scores in the Ntx subscale for sensory neuropathy increased after the second cycle of chemotherapy, while those for motor neuropathy decreased after the first cycle of chemotherapy.
The constant current output with the Neurometer NS3000 enabled highly reproducible measures that were unaffected by variables such as skin thickness, temperature or edema 9) . As shown in Figure 2A , CPT values at 250 Hz were unchanged, and those at 2,000 Hz increased but remained within the normative range during the entire observation period. The CPT value at 5 Hz decreased to below the minimum normative range and qualified as hyperesthesia after 1 week of the first cycle, and then recovered into the normative range after 1 week of the second cycle of chemotherapy. The nerve differs depending on the nerve type and with the specific frequency that induces depolarization, which also depends on the diameter : the CPT at 2,000 Hz corresponds to sensory impairment of large myelinated fibers (Ab fibers), the CPT at 250 Hz to that of small myelinated fibers(Ad fibers), and the CPT at 5 Hz to that of an unmyelinated nerve (C fiber) 9) . Meanwhile, within-site CPT ratio analysis offers a sensitive analytical method for measuring the ratio within the measurement range 9) . As shown in Figure 2B , ／ within-site CPT ratios at baseline for 2,000 Hz／5 Hz, 2,000 ／ ／ Hz／250 Hz, and 250 Hz／5 Hz and those ratios after 1 week of the first cycle of chemotherapy were within the normal ranges. However, those ratios after 1 week of second cycles of ／ ／ chemotherapy at 2,000 Hz／250 Hz and 250 Hz／5 Hz shifted into abnormal ranges. Considering these results from CPT examinations, the patient was thought to have initial paresthesia as sensory CIPN, especially in the hands, with a slight increase in grading scores of the Ntx subscale after 1 week of the second cycle of chemotherapy (Figure 1 ). This paresthesia was expected to correspond to the observed initial changes in abnormalities of ／ ／ within-site CPT ratios at 2,000 Hz／250 Hz and 250 Hz／5 Hz. Our observations of sudden changes to balances in within-site CPT ratios were thought to induce the unpleasant sensation. These results indicate slight impairment in Ab and C fibers, even if each raw value for CPT was observed to be almost within the normal range at this time (Figure 2A ). Our observed changes in raw values at 5 Hz indicated that temporary sensitization of C fibers may have resulted from slight damage or inflammation after the first cycle of therapy, followed by rapid recovery to normal. These changes in C fibers were thought to correlate with the flash increases in SP levels, since C fibers contain high proportion of SP 11) . in CPT values were accompanied by increases in BDNF and IFN-g levels and were preceded by rapid changes in SP and also in NGF levels. Decreased NGF levels reportedly correlate with the severity of CIPN caused by platinum-derived drugs 14) and are thought to be early predictors of CIPN 15) . The grade of CIPN severity for our patient was not considered serious during observation. This was because observed NGF levels decreased slightly on the day after the second cycle of therapy, similar to previously reported values for oxaliplatin-induced CIPN 14) , but decreased transiently and quickly recovered by 1 week after the second cycle of therapy Figure 3A) . These rapid changes may correspond to NGF and mostly correspond to Ad fibers and C fibers 10) . However, such early activation and impairment may have occurred in C fibers rather than Ad fibers in the patient, because the observation of unchanged CPT values at 250 Hz indicates the absence of sensory impairment of Ad fibers Figure   2A ).
As shown in
Risks for side effects such as hyperalgesia may correlate with levels of NGF, SP and BDNF. Endogenous BDNF in the dorsal horn contributes to hyperalgesia, is associated with peripheral inflammation in the early stage, and is accompanied by NGFinduced up-regulation of SP 12) . Exogenous BDNF indirectly suppresses sensory neuronal transmission through activation of g-aminobutyric acid GABA) type B receptors located on the terminals of sensory neurons in normal conditions 10) . Increased BDNF is expected to promote and regulate excess activation. Thus, recovery of sensitized C fibers after the second cycle of therapy may be influenced by the observed sudden increase in BDNF levels Figure 3C ).
In patients with allodynia complicating CIPN, distinguishing each grade in the NCI-CTC is difficult. However, in allodynia that underlies sustained neuropathic pain, BDNF shifts the neuronal anion gradient 13) and switches the normal neuronal suppressive effects caused by GABA to the opposite effect including hyperexcitability of neurons 16) . IFN-g up-regulates purinoceptors such as P2X4R in microglia, which reportedly induce P2X4R-dependent allodynia through a release of BDNF from microglia 17) . This patient showed no indication of allodynia during the observation period, considering the absences of clinical responsiveness and sustained decreases in thresholds for individual CPT values. If increased BDNF is sustainably observed and accompanied by chronic increases in IFN-g levels, the risk of IFN-g-related allodynia would increase in the patient.
Based on these results, individual levels of NGF, SP and BDNF have the potential to be monitored as possible candidate biomarkers for sensory impairment in early-stage CIPN. This was a pilot case to show the importance of these evaluations in combination, which may compensate for difficulties in assessing clinical responsiveness of CIPN. These simple quantitative evaluations are likely to prove beneficial in deciding changes to the next regimen to prevent exacerbation of neuropathy and to develop available treatment for CIPN. Accumulation of these data is necessary to provide safe and effective chemotherapy. 46 臨床薬理 Vol. 47 No. 2 2016) Case Report
Figure 3 Change in circulating blood levels of biomarkers
Levels of nerve growth factor(A), substance P(B), brain-derived neurotropic factor(C)and interferon-g(D). Measurements were observed at before and the next day of the first cycle of chemotherapy and 1 week after the first and second cycles of chemotherapy. NGF, nerve growth factor；SP, substance P；BDNF, brain-derived neurotropic factor；IFN-g, interferon-g.
